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ABSTRACT

The environment near the Martian surface consists of a
1 ow-pressure carbon di oxi de atmospherc whi ch probably contains
ai rborne e] ectros tati tally charged. d¢ust part i cl es. It has
been hypothesi zed that this dus L might be at tract ed to
operati ng sol ar cells, consequent. | y obscuringli ght. and
reduci ng sol ar array power output . A Mars envi ronment was
theref ore simul at ed and experi ments run in order to det ermi ne
t.he effects of charged and uncharged dust. on sol ar array
per f or mance. Resul ts wil 1l Dbe anal yzed to eval uvat e t-he
viabilit. y of sol ar cells in JrL's Mars Pat hi i rider power
system

| NTRCDUCTI ON

‘I’ he atnobsphere of Mars i s composed of 95.5 percent CO,,
2.7 percent. N,, 1.6 percent Ar, .15 percent O, and . 07 percent
co' . Water vapor is virtual ly absent in the Mart-i an
envi ronment. Atmospheri ¢ pressure necar the surface averages
4.0 torr. Typi cal temperatures on Mars range f rom -140° C to
30° C. Mart ian windspeeds have not been quanti f i ed as
preci se] y, but, i t is thought that. w ndspeed near the Martian
surface is near) y always less than 20 ms. An average val ue of
windspeed woul d probably be ¢l oser t o 6 nis. W al so have
data on the composi ti on of Martian dust. El emental anal ysis
has reveal ed Sio, (43 .3 percent ) , Fe,0; (1 8.2 percent) , Al,0,
(7.2 percent) , SO; (7.2 percent) as well as varying t-races of
other consti tuents .°

JPL, is p] armng to send a lander/mi crorover package to

Mars to make envi ronment al surveys for at. 1 east 30 days .  'The
project. i s called Mars Pathfinder and the I aungh date i s
schedul ed for Dhecember 5, 1996. ‘I " he landger Wil 1 be a

tetrahedron - shaped modul e. After impacti ng upon the Mart-i an
surface, three of the lander’ s sides W 1 1unfold to reveal
three 11 1t? sol ar arrays whi ch will generat ¢ up to 196 Wfor
t-he Pat hfinder power system The microrover wi 1 | be equi pped
wWth it s own solar cel ] s.

A pot ential probl emari ses becausie Martian dust particles
acqui re electrostat i ¢  charges. Part. icl es can becone
el ectrostati cally charged from W i rradiation or triboel ect ric
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ef fects. The dryness of the Marti an atnosphere probably
contributes signif i cant, ] y to dust charging. The charge to
mass rat i 0 g/mof a Marti an dust. particl e probahl y ranges from
10° to 10*C/Kg. * 1t. is possible tha L when solar cel 1s are
operating i n the pathfi rider power sys tem, the el ectromagneti ¢
f iel d set, up COU d interact wth charged dust. parti cles to

attract- such dust. to t he surface of the arrays . 1f thi s were
to happen, light woul d be obscured and power output of the
solar arrays would decrease. Therefore, a simulation of a

Martian atnosphere was prepared and solar cel ] performance Wwas
nmoni tored under varyi ng conditions. Atnmosphere ¢ dust 1 oadi. ng,
insol at ion, and UV irradi ation intensity were exami ned as
i ndependent vari abl es .

MATERI ALS

Tests were run inside a c¢ylindrical stainless steel
vacuum chanber, 45 ft* in volunme, borrowed from JPL's Dr.
Arthur Lane. The vacuum chanber was: equi pped wi th sw ngi ng
doors at ei ther end, ports for windows and f eed - thrus, and
p] umbing for backf i 11i ng and watercooling. A Wl ch nechanical.
vacuum punp wi th a 1 hp notor was used to punp down to about
3 torr. Insi de the chanber, an al umi num pl ate was placed in
a hori zontal p] ane, 15 in. above the bottom of the chanber.
This plate served to divide 1 low and provi de a *“ground”
surface on which to p] ace sanples and instrunentation.
Al um num was chosen for this pl ate due to its low cost and
1 ight weight . W th the af orementi oncd gas conposi ti on, and a
pressure between 3 to 5 torr, outgassing was not considered to
be a serious problem therefore, al um num was used on nore
t han one occasi on inside the chanber.

An e] ectri ¢ fan was used to generate wi nd inside the

chanber. A 14 in. dianmeter , 7- bladed, backwardly curved,
al um num axial- flow fan blade was used W th a 1 hp 208 VAC, 3-
phase GE notor. ‘The fan was placed underneath the ground
plate to create wind as shown in figure 2. No type of flow
strai ghteners were wused predonminately for reasons of
simpl icity. In addition, ground ef feet. s on Mars * surface

shoul d be expected, so straightening f 1 ow is not necessarily
desi rabl e. The wind speed di ctated by the fan * & performance,
the CO, fluid properties, and the chanber geonetry was 1 nis.
Wi ndspeed was neasured W th the use of a drogue wind gauge.

This speed was thought to be adequate for two reasons: it was
suf f icient to ci rcul ate airborne dust, i t was on t-he order of

the average Martian wind speed, and cleari ng of solar arrays
by Aeolian effects was not being tested. 1t. has been shown
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t hat windspeeds of at least 35 nis are necessary to clear dust
off of solar arrays.*

The  atnosphere used was hone-dry €O, purchased
comercial ly. This gas was guaranteed to contain | ess than 10
ppm of water, and according to the supplier usually contains
about 4 ppm H,0. The overall CO, purity was 99.99 percent,
which was nore than pure enough to simu) ate a Martian
at nosphere. No evidence has been found that. would suggest
that electrostatic dust precipitation would depend on the
other trace gases in Mars’ atnosphere, so an exact sinmnulation
was not a concern.

Two types of dust were considered for the sinmulation.
First, a sanple of palagonite was borrowed from Ted Roush at
NASA Anmes. This dust was mined from a Hawaiian volcanic
region and has strong chemcal. similarity to actual Mars dust,
However, the sanple has a nean dust. size of about .15 mm’.
Anot her sanple was obtained with a nmean size of about 2
m crons. This sanple was powdered potter’ clay (Carbonale
Red) , which is readily avail able and inexpensive. Experience
gained by Dr. Ron Greeley at NASA Anes’s Mars wind tunnel
(MARSWIT) tells us that size should affect. electrostatic
charging nore than chem stry. Furt hermore, particles with
greater surface area to volune ratios attenuate nore light.
Therefore, the potter’s clay was selected for the experinent.

Finally, the solar cells used were ASKC GaAs solar cells.
The array was a square of four (4) cells, each of which was
square, 2 cmon a side. Only four cells were used because the
limt of the nmass i nstrunment ati on, a Mettler AE-100
microbalance, was 20 g. The solar array, including its
backing and termnals, neasured 18.653(0) 9. The light source
for the array was a 250 W halogen l1ight bul b, whi'ch provided
6.58 mw/cm? of insolation.

METHOD

The amount of ' dust in the Martian atmosphere i S given by:
N=N,texp (-z/h)

where N is dust concentration in particles per cm, No is
surface dust concentration equal to 6 particles per cnifor 2
mcron dust, 7 is optical opacity, z is altitude in km, and h
equals 10 km.® For this experinent, ground |evel. (z=0)
concentration was desired so dust concentration was a linear
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function of optical opacity. Typical values of 7 on Mars are
=1, worst. case values (dust storm) would be 7=5. Know ng
the density of the dust, simul ant to be 2.8 ¢g/cm®, different
masses of dust were chosen to correspond to opt ical opacities

ranging frOm 7=1 to T=5, initially. Later, greater dust
concentrate ons were used in an effort to observe an
obscuration effect. Dust. masses were |oaded into a dust
hopper and placed in the chanber. The dust hopper was
supplied with CO, from the backfill Iine. Dust was di spersed

by injecting the hopper with a burst of co, that forced the
dust out through a fine screen at. the top of the hopper. Sand
(size >> 2 micron) was also placed in the hopper to break up
clunmped dust as it was ejected. This method was devised and
used successfully in the past<«by Rod Leach at MARSWIT. (e

At nospheric composition was obtained by punping the
vacuum chanber full of air down to 1 torr and then backfilling
with co, to 200 torr. This provided a purity of 99.5 percent
with water content at less than 20 ppm. This gas was then
punped down to 3 to 5 torr. The chamber was subsequently
sealed and tests were run for tinme durations of Up to 85

m nut es. The chanber was |eak tested with a helium [|eak
detector and ultimately it proved to |eak at a rate equival ent
to 500 millitorr of pressure per day. El ectrostatic

precipitation should not depend siagnificantly on pressure
variations on that order, so the chanber was not punped down
while tests were run. This greatly simplified the nechani cal
desi gn of the vacuum system

During tests, the fan motor and hal ogen |ight heated up
the gas inside the chanber. However, since CO, at 5 torr is
a poor conductor of heat, the array tenperature rose slowy.
Chanmber tenperature ranged fromz1e¢ Cto 25° C during testing,
with the increase due to radiant heating. Tenperatures in
this range will be approached near m dday on Mars. Si nce
solar cell performance is degraded by heating, our results
shoul d be considered as a worst case scenario. Neverthel ess,
solar array tenperature was monitored closely. At about 5
torr, overheating of equipment was a major concern. The
electric fan had to be water-cool ed. Care was taken to nake
sure that noisture did not |eak into the vacuum chanber, since
dryness was an inportant part of the simulation. The liquid
fluorescent display of our Mettler AE-100 microbalance al so
had to be set up outside of’ the chanber in order to avoid
over heati ng.

Once all engi neering problems were dealt Wwth,

experiments were devel oped and run. First of all, control
data was obtained by weighing the solar cells and nonitoring
short-circuit current (1,) W thout insolation or UV
irradiation and with no wind or dust in the chanber. Then,

wind was created and stability of the system was observed.
Next, white light was applied to the cells and perfornmance
readi ngs were taken. Dust was then dispersed into the chanber



and open-circuit voltage (W , 1., and cell tenperature were
nonitored while wind was present . After a period of tinme, the
wi nd was stopped and the hal ogen light was turned off. Dust
was allowed to settle and then final readings were taken.
This process was repeated for time periods of 20 and 85
m nutes, both with the sane settling time of 10 mnutes at the
end. Next, simlar tests were run with the addition of dust
i oni zati on. A 500 Wnercury arc lamp was used to expose the
dust to W radiation; only dust which circulated through the
chanber was directly exposed to the UV source. In addition

a .025 in. tungsten wire carrying 3.2 A of current was used as
a hot emitter. Finally, 36 V of voltage bias was applied to
the array in an effort to nagnify attractive forces between
the array and airborne dust. These neasures established a
probability of electrostatic dust charging.

RESULTS AND DI SCUSSI ON

Tests failed to show any sign of electrostatic dust
preci pitation. Timed trials run with dust. and ionization
neasures applied showed slight decreases in cell perfornmance
(see fig. 1). However, solar cell temperature rose with tinme
during the trials (fig. 2) . Hence, the reduction in power
out put cannot be attributed to dust deposition. During al
trials, masses of dust. deposited on the 16 cm’ solar array
were |less than .1 ng. | ndependent tests in STP air indicated
that masses of dust (deposited on arrays) on the order of 10
ng would be necessary to noticeably decrease short-circuit
current (fig. 5) . This suggests that temperature rise, and
not dust precipitation, is responsible for the slight changes
observed. When extrenme anounts of dust, (=150 ng% wer e
di spersed in the chanber, the results were similar to the ones
depicted in figure 1. Such quantities of dust correspond to
i npossible optical opacities, vyet still did not appear to
ef fect photovoltaic output.

Possi ble sources of error can already be identified.
First of all, measurenent of” the quantity of dust. airborne in
the vacuum chanber was not feasible, so data on that

i ndependent variable is largely an estimate. Error could
arise in the transferal of dust to the dust. hopper after it is
initially weighed. In addition, the CO, backfill jet cannot

eject all of the dust in the hopper so additional uncertainty
is added there. The hal ogen light source used was run off of
standard 110 V building electricity. Such a power source can
be expected to fluctuate due to voltage spikes, surges, etc.
Therefore, small fluctuations in sell.a~ cell performance cannot
be attributed to dust precipitation with certainty. However

this experinment was not designed to identify small variations
in cell. performance. Finally, the fact that the solar array
tenperature changes during the test requires a correction (see
figs. 3&4). In all, though, there¢ is no reason to think
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that the gqualitat jve results produced are anything but valid.
Correction factors would have to be determned if precise cell
performance was to be predicted.

CONCLUSI ONS

A satisfactory sinulation of the Mrtian surface was
obt ai ned. Pressure, t enperat ure, gas conposition, and
wi ndspeed were all. set at typical Martian values. The
experi nental apparatus devel oped was kept simple and produced
at a low cost. Due to the vacuum chanber’s size and the

flexibility of the system the simulation could be used in the
future for a variety of experinents.

In all of the experinents run, there was no discernible
presence of electrostatic effects. Control data agreed wth
the data obtained fromruns with dust and ionization apparatus
applied. Solar cell performance was observed to degrade wth
time, but there were factors other than dust deposition which
could be responsible. Finally, extrene conditions were
applied in order to accentuate the effects of dust on the
sol ar arrays. Neverthel ess, significant dust deposition was
not observed. However, the authors recomrence that additional.
steps be taken in order to quantify dust. deposition due to
el ectrostatic charging. Results may be wused to nmake
predi ctions about the success of photovoltaic power systens in
use on Mars.
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